SUMMARY.-Bright tobacco grown in Mexico was either flue-cured and redried (FC) or air-cured and bulk-fermented (AC). Both FC and AC were made into cigarettes standardized for draw resistance. FC and AC cigarettes were smoked under similar conditions in a smoking machine (one 2-second 25 ml. puff per minute down to a 20 mm. butt length). Condensates were kept at 0-4' C. until applied to the skin of mice.
Three groups of 400 female Swiss mice were treated as follows: Group 1 thrice weekly application of 60 mg. FC in 0-25 ml. acetone to the clipped dorsal skin: Group 2-similar treatment with AC; Group 3-thrice weekly application of 0*25 ml. acetone only.
Chemical analysis of the 2 tobaccos and 2 condensates revealed only small differences in composition and it is noteworthy that the concentration of reducing sugars was almost as high as in the AC tobacco as in the FC tobacco.
The risk of development of skin tumours, particularly malignant skin tumours, was higher in FC-treated mice than in AC-treated mice (P < 0-01), but the difference may have been due to the use of equal weights of condensates rather than the use of extracts from equal numbers of cigarettes, since the AC cigarettes produced more condensate. The rates of detection of pulmonary tumours also varied between groups (P < 0.01) but this does not necessarily imply that the incidence rates of pulmonary tumours varied. There was no evidence that the detection or incidence rates of any other neoplasms, including malignant lymphoma, were affected by treatment with either of the condensates.
IN a privately circulated paper Dr. Jan Beffinger writing from " Tobacco Smoking Research, P.O. Box 5249, Nairobi, Kenya ", in June, 1960 , attributed the rise in lung cancer to the introduction of the process of redrying flue-cured tobacco which led to " pasteurization of the leaf " thereby destroying the natural enzymic fermentation. On the initiative of Dr. G. F. Marrian, a Planning Committee, composed of interested independent scientists and of nominated representatives of the Tobacco Manufacturers' Standing Committee (T.M.S.C.), was established in January, 1962, to investigate Beffinger's suggestion. After some discussion a decision was made to test not only the effects of redrying on carcinogenicity of condensates but also, in the same experiment, differences introduced by air-curing as opposed to flue-curing. The most relevant laboratory test available for the study was measurement of skin tumour induction by the repeated application of smoke condensates to mouse-skin. Using this method, we compared the effects of condensates prepared from the same tobacco that was either flue-cured and redried or air-cured and bulk-fermented. The results form the subject of the present paper.
MATERIALS AND METHODS

Tobacco
Broadleaf Hicks (Bright) tobacco plants were planted over an area of 10 hectares in Mexico early in December, 1962 , in medium sandy loam type soil. The soil was fertilized at the time of first cultivation with a mixture of ammonium nitrate, triple superphosphate and potassium sulphate to provide 9 kg. nitrogen, 165 kg. P205 and 183 kg. K20 per hectare. One per cent Endrin was applied on December 8, December 22, 1962, and January 3, 1963 , on each occasion at the rate of 18 lb./acre. Because of a severe infestation by the " cabbage looper " a 1% dust of Dipterex was applied on January 24 (13.5 lb./acre). On February 9 a 10% formulation of D.D.D. was applied (16 lb./acre).
There were 11 harvestings with cutting dates extending from February 4 to March 23. During harvesting approximately one half of the green weight of cuttings was taken for flue-curing and the rest for air-curing.
Flue-curing and redrying
Flue-curing was carried out in the customary manner (Frankenburg, 1946 (Frankenburg, , 1950 .
After curing, leaves were redried. This was done by tying leaves into hands of 30-40 each and subjecting them for 7 minutes to each of the following temperatures: 1650 F., 1750 F., 1900 F., 1850 F., and 1400 F. They were then cooled for 8 minutes and spent 27 minutes in a " reordering section " before being packed in hogsheads for shipment to Liverpool, England.
Air-curing and bulk fermentation
The tobacco placed on string for shade-curing was slow in curing. Leaves from the first 7 harvestings were placed into a bulk for fermenting on April 10 and those from the final 4 harvestings on May 6. The temperature was allowed to rise to 420 C. before turning in the first bulk and to 460 C., before turning in the second bulk. The total time spent in the bulking process was 786 hours (5turnings) and 684 hours (2 turnings) respectively for the two bulks. Tobacco of harvestings 1-7 were packed without redrying, but those of harvestings 8-11 had to be redried to reduce moisture content for safe packing. Redrying involved 7 minutes at each of the following temperatures: 1400 F., 1500 F., 1500 F., 1500 F., and 1350 F. Finally the tobacco was packed into bales for shipment to Liverpool.
Manufacture of cigarettes
The specification for cigarettes prepared from the flue-cured (FC) The specification for cigarettes prepared from air-cured (AC) tobacco was the same as for those prepared from FC tobacco except that, in order to equalize draw resistance the packing of the AC cigarettes was somewhat heavier. Also, these cigarettes were labelled " T3 ". The pressure drop (draw resistance) for FC cigarettes was 12*3 cm. WG and that for AC cigarettes 11-7 cm. WG.
Preparation of condensates
The method used has been fully described elsewhere (Bentley and Burgan, 1961) . Cigarettes in batches of 24 are mounted in rotating disks, lighted by an electrically heated coil and smoked to a 20 mm. butt length. Suction is applied once each minute to each cigarette such that 25 ml. of smoke is drawn from the cigarette during 2 seconds. Smoke was condensed and collected in glass traps cooled in acetone/crushed solid carbon dioxide.
Chemistry of condensates FC (T2) cigarettes yielded, on average, 16 1 mg. dry condensate and 1-59 mg. nicotine each, and AC (T3) cigarettes 19-5 mg. dry condensate and 1-48 mg. nicotine. It should be noted that, since treatment (see below) was based on weight of condensate rather than on the number of cigarettes used to produce the condensate, the administered doses of FC represented the smoke from more cigarettes than those of AC. Results of chemical analysis are shown in Tables I  and II . It should be noted that the two condensates differed little in reducing power or pH, which suggests that the AC (T3) tobacco was more like a normal flue-cured tobacco than a normal air-cured tobacco. This is borne out by the results of analysis for reducing sugars in the unburnt FC (T2) and AC (T3) tobaccos. These values were 12-4% and 12 1% respectively. Air-curing of the types of 
Storage and transport of condensates
Smoke condensates were prepared at the laboratories of the Tobacco Research Council at Harrogate. They were frozen to the temperature of solid carbon dioxide and transferred, maintained at this temperature, to our laboratories, and thereafter stored at 0-4°C. for periods not exceeding 21 weeks before use.
Dilution of condensates for use
Solutions/suspensions of condensates were prepared w/v in analar grade acetone.
Mice
Virgin females of a Swiss albino strain were supplied by Dr. W. G. Davey of the Pharmaceutical Division, Imperial Chemical Industries Ltd. They were bred under specified pathogen-free conditions and transferred when aged about 6 weeks to a vermin-proof unit where the experiment was performed. They were fed a vitamin-fortified pasteurized animal diet based on the 41B diet formula (as supplied by Spillers Ltd.) and housed in macralon boxes, 10 per box, on wood shavings.
The 1200 mice in the experiment were allocated at random to three groups. Ten days before the start of the experiment, mice were vaccinated on the tail with sheep lymph as a precaution against ectromelia. At approximately fornightly intervals mice were examined for the presence of skin tumours. Detailed records were made of the sizes and sites of such tumours.
Three staff members were responsible for making these various observations, and when the time came to evaluate the findings differences were found between the capacities for observation of the individuals concerned. One, who had performed the bulk of the work, was more perceptive than the other two. A charting of the tumour-bearing status of all the mice in the three groups took her 2 days, and she did about 40 such chartings during the 120 weeks of the experiment. Any events in the mice which occurred between two consecutive chartings by her and which were detected in partial chartings or by other observers were considered, along with the events which she recorded at the later charting, to be known only to lie somewhere between the two chartings. Although this wasted some information about the times of the events, it eliminated spurious or nonuniform information.
Removal of malignant tumours
Skin tumours considered to be malignant on the basis of macroscopic criteria were removed at operation under ether anaesthesia. Mice so operated were returned to the experiment and thereby permitted to develop further skin tumours. Great care was taken not to confuse the development of a new malignant tumour with the recurrence of an incompletely removed tumour.
Histological examination
Skin tumours removed surgically or at post-mortem, and tumours or suspected tumours of other sites discovered at post-mortem, were fixed in Bouin's solution and paraffin wax sections and cut at 5 ,u. They were then stained with haematoxylin and eosin, and where indicated, by other staining methods.
Definitions of tumours for purposes of evaluation of present experiment
For the purpose of compilation of Tables III and IV papillomatous outgrowths from the skin of 1 mm. or more diameter that persisted for 2 weeks or more, were regarded as skin tumours, but for the purposes of actuarial analysis a skin tumour was defined as a growth arising from the epidermis which had a diameter of 2 mm. or more and persisted for 2 weeks or more. Such a tumour may be benign or malignant as judged by histological criteria.
A malignant tumour of the skin is defined as a tumour of 10 mm. diameter or more that, in histological sections subsequently prepared from it, showed evidence of invasion of the panniculus muscle; or as a tumour of lesser diameter that showed evidence of such invasion, taken from an animal by surgical operation or at necropsy. It should be noted that very few malignant tumours fell into the latter category: six mice of group 1 (FC) and 3 of group 2 (AC) had muscle-invading malignant tumours of less than 10 mm. when killed and two such tumours were removed by biopsy from mice of group 2. Most malignant skin tumours grow rapidly and it is unlikely that any of these 11 tumours would have taken more than a further week to have reached the 10 mm. diameter size.
RESULTS
In this section, data on tumours of different types are presented separately except that the first section on skin tumours includes malignant skin tumours as well as non-malignant skin tumours. When interpreting the numbers of tumours found in the various groups one should bear in mind that during the period after the 75th week, when most of the tumours occurred, there were more group 3 (control) mice than group 2 (AC) mice alive and there were also more group 2 (AC) mice than group 1(FC) mice alive. This means that the occurrence of the same number of tumours of a particular type in the three groups does not imply the same incidence rate for that type of tumour in the three groups; it implies a higher incidence rate in group 1.
All skin tumours
The cumulative numbers of deaths and skin tumours in the three groups are shown in Table III . There is a very clear difference between the skin tumour incidence in group 3 (control) mice (5/400 mice with tumours) and either the group 2 (AC) (207/400 mice with tumours) or the group 1 (FC) (208/400 mice with tumours), showing that treatment with either condensate predisposed to the development of skin tumours. Because of the poorer survival of group 1, the 208 tumours in group 1 corresponded to a significantly higher tumour incidence rate than the 207 tumours of group 2 (P < 0 05 by the logrank test).
Malignant skin tumours
As with " all skin tumours ", of which the malignant skin tumours form a part, the cumulative totals of lesions are displayed in Table III . The cumulative total in group 3 (control) (2 malignancies) differed markedly from those in either group 2 (AC) (93 malignancies) or group 1 (FC) (119 malignancies). In this case, however, there was already quite a large difference between group 1 and group 2 before allowance had been made for the worse survival of the mice in group 1, and this corresponded to an unequivocal difference between the two incidence rates. (Malignant tumours occur at a greater rate in group 1 (FC) than in group 2 (AC): P < 0 01 by the logrank test.) Fig. 1 illustrates an actuarial estimate of development of malignant skin tumours in mice of Groups 1 and 2 during the first 110 weeks of the experiment.
At post-mortem, 32 out of the 119 group 1 malignancies and 21 out of the 93 group 2 malignancies showed lymph node or distant metastases.
Inflammatory ulceration
During the later stages of the experiment 2 control mice, 38 group 2 (AC) mice and 52 group 1 (FC) mice developed inflammatory ulcers of the skin. These appeared most commonly near the centres of the treated areas of dorsal skin, often in areas where all the hair follicles had already disappeared in response to treatment. Most such lesions were shallow ulcers that lacked the characteristic " roller " or " button " edge that suggests malignancy. Occasionally, their appearance or rate of growth gave rise to the suspicion of malignancy. All lesions which aroused such suspicion and a proportion of lesions which did not were examined histologically. A few [3 in group 1 (FC) and 2 in group 2 (AC)] of the former were found to be invasive carcinomas but none of the latter were. Histologically, the inflammatory ulcers showed atrophic changes with loss of pilosebaceous structures and excessive dorsal collagen in addition to infiltration by a wide variety of acute and chronic inflammatory cells.
Lymphomas
Of the 1200 mice in the experiment, 300 showed histologically confirmed generalized or localized lymphomas of various types at the time of death. Table  IV summarizes the data on lymphoma incidence and shows that there were no marked or obvious differences between the three groups. Comparison of the incidence of individual types of lymphoma, e.g. generalized lymphoblastic, generalized lymphocytic, localized thymic, lymphomas localized to solitary lymph nodes to the spleen or to the genital tract (Thelma Dunn type A see Dunn, 1954 ) also revealed no clear differences between the three groups. The comparison of incidence rates of lymphomas is difficult, because a lymphoma in a mouse that dies of some unrelated condition will be detected earlier than if the mouse lives until the lymphoma kills it. This means that the mice in group 1 (FC) would be expected, merely on the basis of their greater rate of death from other causes, to have a lymphoma detection rate greater than that of the mice of group 2 (AC), and group 2 (AC) greater than group 3 (control), and this was what we found, although the differences were so slight that they were not significant. There is, therefore, no indication that treatment with either type of condensate affects lymphoma incidence rates, in contrast to our findings in a parallel experiment 
Pulmonary tumours
The crude data on these tumours are presented in Table V . The observed numbers of pulmonary tumours in groups 1, 2 and 3 (57, 55 and 54 respectively) correspond to significant differences in detection rates (the expected numbers on the basis of equal incidence rates are 41, 51, and 74, respectively; groups 1 and 2 versus 3 x2 = 10-6: P < 0.01). However, most pulmonary tumours in mice are relatively slow growing and may be present for a long time before they constitute a threat to life. Therefore, even more so than in the case of lymphomas, increased risk of early death from other causes is liable to favour the early detection of pulmonary tumours. Thus it is possible that the difference between the control group (group 3) and the two condensate-treated groups is a manifestation of earlier detection rather than of enhanced risk of pulmonary tumour development.
Neoplasns of other sites
The incidence of neoplasms of other sites in the three groups is shown in Tables VI and VII. Treatment with FC or AC had no obvious effect on the risk of development of parenchymal-cell hepatomas, ovarian or mammary tumours, subcutaneous sarcomas or neoplasms of a variety of other sites. The latter effect seemed more marked in FC-treated than AC-treated mice.
However, especially in the case of pulmonary tumours, detection rates may not accurately reflect incidence rates, and all apparent differences may be artefactual.
There was no indication that treatment increased the risk of parenchymal-cell tumours in the liver, ovarian or mammary tumours, subcutaneous sarcomas or other miscellaneous neoplasms as compared with mice given comparable treatment with acetone alone. The mechanism by which the application of the condensate to the skin could increase the risk of pulmonary tumours and lymphomas is uncertain. Absorption of carcinogens through the skin, or via the gastrointestinal tract after licking, have to be considered as alternatives, but so has the possibility that the effect (if any) on lymphoma incidence reflects no more than a non-specific enhancement of the effects of a lymphoma virus present in the mice of the strain used. It is particularly noteworthy that no excess of neoplasms of the oral cavity, gastro-intestinal tract or urinary bladder was encountered.
To some extent the results are comparable with those reported by Day (1967) . Mice of the same strain and sex were used and thrice-weekly treatments to the skin were continucd throughout prolonged observation periods in both experiments. Furthermore, the condensates used were prepared in the same way. The incidence of mice with skin tumours (benign or malignant) and of malignant skin tumours seen in response to 60 mg. FC thrice weekly were seemingly considerably higher than that recorded by Day in response to 100 mg. or 50 mg. thrice weekly. However, mice in the present experiment survived better than those in Day's experiment, and calculations made after survival differences had been excluded indicated that risk of tumour development in response to similar doses was more or less the same (Lee, 1969, 
personal communication).
It is not possible to compare our data for internal neoplasms with those of Day, because he was concerned with such neoplasms only to the extent that they were a major or sole cause of death, whereas we recorded all neoplasms as revealed by a standard post-mortem procedure.
Unfortunately, as pointed out above (Materials and Methods section), the AC condensate studied was prepared from tobacco that did not resemble too closely air-cured leaf as normally incorporated into cigarettes. Nevertheless, the results indicate that, in case of a particular type of tobacco leaf, air-curing followed by bulk-fermentation did not markedly reduce the carcinogenicity of smoke condensate for mouse skin as compared with flue-curing followed by redrying. The reduction recorded, though statistically significant, was relatively small and difficult to equate with the sweeping claims made by Beffinger (1960 " An entire volume could be filled with a description of the various processes known as drying, curing sweating, redrying, ageing, resweating, and fermentation which have been developed for the manufacture of cigar, cigarette, and pipe tobaccos. Each of these operations has been adjusted to the special type and strain of tobacco used as the raw material, and is further modified according to the nature of the crop of a given " vintage ". In view of the divergence between the different, empirically developed methods of processing tobacco, it has been assumed, and also proved, that these different processes are not merely slight variations of one and the same basic schedule. On the contrary, in many cases the treatment applied to a given type of tobacco causes chemical changes which are opposite to those caused by the individual treatment of a second type of tobacco during its customary development to the finished product. It is, therefore, wrong and misleading to consider the chemical transformations which result from the processing of tobacco as identical or similar for the whole gamut of finished products. A study of the literature reveals that this misconception has often occurred, and that erroneous conclusions were reached as a result of it." Many scientists, technicians, secretaries and others have assisted us in the work described in this paper and in the preparation of the manuscript itself. It is not possible to mention them all by name but we must express special thanks to Miss Janice Hotham and to members of the Histology Department of the Chester Beatty Research Institute.
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